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(54) Device for filtering a fermented liquid 

(57) A device for filtering a fermented liquid com- 
prises at least one filtration chamber with a feed (21 ,31) 
and a discharge (22,32) for a main flow of the liquid for 
filtering in a first part (51 ) of the chamber and with a dis- 
charge (23.33) for a permeate recovered from the liquid 
in a second part (52) of the chamber. Both parts of the 
filtration chamber are herein mutually separated by a fil- 
ter (10). According to the invention the filter (10) com- 
prises a filter layer (2) with pores of a precisely 
determined size which are formed making use of photo- 
lithographic techniques. An exceptionally steep pore 
pitch distribution in an exceptionally flat filter surface 
can thus be obtained, which manifests itself in an 
extremely reliable filtration result associated with a high 
flux and operational reliability. 
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Description 

The present invention relates to a device for filtering 
a fermented liquid comprising at least one filtration 
chamber with a feed and a discharge for a main flow of s 
the liquid for filtering in a first part of the chamber and 
with a discharge for a permeate recovered from the liq- 
uid in a second part of the chamber, wherein both said 
parts of the filtration chamber are mutually separated by 
a filter. The invention relates particularly herein to a 10 
device for filtering beer, wine and other alcoholic drinks 
obtained by fermentation which must normally be fil- 
tered in large quantities prior to being bottled. 

A number of methods for filtering liquids can be dis- 
tinguished in accordance with the manner of interaction is 
between the liquid for filtering and the filter. A simple 
form of filtration is dead-end filtration. The liquid for fil- 
tering is herein guided in its entirety through the filter, 
wherein particles therein which are too large remain 
behind in or on the filter. An increasing number of pores 20 
in the fitter will therefore gradually become clogged and, 
if the filter is not cleaned regularly, the particle layer will 
eventually completely clog the filter as it becomes 
increasingly thicker. Such a filtration method is therefore 
only suitable for filtration of liquids with far fewer parti- 25 
cles for filtering than the number of pores in the filter. 
Dead-end filtration does not therefore lend itself, cer- 
tainly not on industrial scale, to filtering of fermentation 
products which are usually clouded by relatively large 
quantities of yeast cells. 30 

In a traditional method of filtering beer yeast cells 
from lager beer use is made of a kieselguhr bed over 
which the liquid for filtering is guided. The yeast cells in 
the liquid adhere to kieselguhr whereby the liquid 
becomes increasingly purer. Gradually however the 35 
kieselguhr will become saturated so that the filtering 
action will deteriorate. After a period of time a fresh layer 
of kieselguhr is therefore arranged on top of the existing 
bed. When the layer of kieselguhr eventually becomes 
too thick, it is transported away and may or may not be 40 
regenerated for re-use. These aspects make filtration 
on a basis of kieselguhr particularly labour-intensive 
and costly. 

A third filtration method is so-called cross-flow filtra- 
tion, on which the device of the type stated in the pre- 45 
amble is based. In cross-flow filtration a main flow of the 
liquid for filtering is guided along the filter instead of 
through it. Due to a pressure difference applied over 
both sides of the filter a part of the liquid flowing past will 
nevertheless penetrate through the filter and can be so 
drained as clean permeate. The remaining part of the 
liquid for filtering will again be mixed with the liquid still 
to be filtered and is guided repeatedly over the filter. A 
small part of the original amount of liquid for filtering is 
therefore eventually left over which has therein a high 55 
concentration of contaminants. An advantage of such a 
filtration method is that the filter does not become 
clogged as quickly as in dead-end filtration because the 



liquid flowing past will continuously exercise a cleaning 
action on the filter surface. Should the filter nevertheless 
become too clogged after a period of time, a short back- 
flush pulse through the filter is then often sufficient to 
unblock the filter. A short liquid pulse is herein given in 
opposite direction through the filter on the permeate 
side of the filter so that the particles blocking the filter 
are detached and are then carried along by the main 
flow. Because pure permeate is used for the liquid 
pulse, which must therefore be recovered once again, 
the use of this so-called back-flushing must be limited to 
a minimum. 

An example of cross-flow beer filtration is described 
on page 388-389 of the German-language handbook 
"Technologie, Brauer & Maitzer" by Kunze. Here an 
extremely thin membrane of a suitable polymer is used 
as filter layer. A drawback to such a filter layer however 
is the relatively great surface roughness both on the fil- 
ter surface and in the pores. Yeast cells hereby nestle 
relatively easily in the filter and a back-flush must inevi- 
tably be carried out with some regularity. In order to 
avoid this, a filtration in two steps is proposed in the 
known device, wherein after a first coarse prefiltration 
by means of cross-flow membrane filtration the last 
yeast cells are removed from the liquid. It will however 
be apparent that this requires additional investment, 
and often extra space as well. A further drawback of pol- 
ymer membranes for beer filtration is that the polymers 
which are suitable for such membranes often cannot 
withstand the cleaning agents commonly used in a 
brewery for thorough cleaning of the installations after 
each filtration cycle. 

The present invention has for its object inter alia to 
provide a device of the type stated in the preamble with 
which fermented liquids can be filtered with a large flux 
and wherein the above stated drawbacks are obviated. 

In order to achieve the stated objective, a device of 
the type stated in the preamble according to the inven- 
tion has the feature that the filter comprises a filter layer 
with pores of a precisely determined size which are 
formed making use of photolithographic techniques. 
The invention is herein based on the insight that liquid 
fermentation products, in particular beers and wines, 
are characterized by the presence therein of yeast cells 
of practically equal size. A filter assembled according to 
the invention has a very close pore pitch distribution and 
can thus be adapted optimally to the yeast cell size so 
as not to allow the yeast cells any or hardly any oppor- 
tunity to penetrate into and clog the pores of the filter. 
Back-flushing of the filter can thereby be limited to a 
minimum, all the more so because the pores arranged 
according to the invention with great precision in the fil- 
ter layer have an extremely slight surface roughness, 
which makes adhesion of yeast cells difficult. Many 
materials can be applied for the filter layer according to 
the invention, and in particular inorganic materials such 
as metals, silicon and silicon nitride, which are highly 
resistant to cleaning agents commonly used in brewer- 
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ies. Finally, with a filter layer according to the invention 
an exceptionally large flux is found to be obtainable 
which in the case of for instance beer filtration is about 
forty times higher than in the traditional filtering method 
on a basis of kieselguhr. A device according to the 
invention can hereby be given an exceptionally compact 
construction and requires hardly any space. 

A particular embodiment of the device according to 
the invention lends itself particularly to filtration of lager 
beers and for this purpose has the feature that the pores 
in the filter layer are of at least practically equal size of a 
maximum of about 2 urn. The yeast cells in lager beers 
have a relatively uniform size of about 3 jim, so that the 
above stated pore size forms an adequate barrier 
thereto. 

The device according to the invention is in principle 
suitable for all liquids obtained after a fermentation proc- 
ess. Such fermentation processes are used not only to 
prepare alcoholic drinks such as beers and wines but 
also find application in the biochemical and pharmaceu- 
tical industry for preparation of fa instance drugs such 
as insulin. In all these cases, and particularly in the lat- 
ter applications, the permeate must not only be free of 
yeast cells but also of bacteria. For this purpose a steri- 
lization step is usually carried out after the filtration. So 
as to avoid such a sterilization step a particular embod- 
iment of the device according to the invention has the 
feature that the pores in the filter layer have a size 
smaller than 0.5 |im, in particular between 0.25 nm and 
0.5 urn. Owing to the extremely close pore pitch distri- 
bution it is possible with such a filter to remove in one 
operation from the starting liquid both the yeast cells 
remaining therein and bacteria, which are normally 
larger than 0.5 \im. 

A further embodiment of the device has the feature 
according to the invention that the first part of the filtra- 
tion chamber has a height directed transversely of the 
filter surface of between 200 urn and 2000 urn. The 
pressure over the filter layer is preferably lower than or 
equal to about 5000 Pa. By choosing the height of the 
first part of the filtration chamber within said range, it is 
possible, when a main flow speed is sufficiently great for 
an adequate self-cleaning of the filter, for such an opti- 
mal pressure to be reached without the danger of unin- 
tended back-flow of permeate. A lower height results in 
such a large pressure fall that there is great danger of 
the pressure of the main flow being lower on the down- 
stream side than that on the permeate side, so that 
there is the chance of permeate flowing back, which 
reduces efficiency. A greater height results in a less 
than optimal flow of the liquid over the filter surface, 
whereby no more, or hardly any more, permeate is 
recovered and the efficiency of the filter therefore 
decreases. 

In a preferred embodiment the device according to 
the invention has the feature that the filter layer has a 
thickness which is smaller than the average pore diam- 
eter. In this case the pores are actually openings 



instead of thin channels, which limits the risk of irrevers- 
ible blockage with a yeast cell. Furthermore, the trans- 
versal resistance of the filter can thus remain 
exceptionally low, this being expressed in the extremely 

5 high flux which can be obtained with a filter according to 
the invention. 

A further embodiment of the device has the feature 
according to the invention that the filter layer has at least 
on its side directed toward the first part of the chamber 

w an at least practically flat surface with height variations 
smaller than about 100 nm. Such a slight surface rough- 
ness is possible in the device according to the invention 
because the starting point for the manufacture of the fil- 
ter can be an at least practically completely flat filter 

75 layer which, if desired, can be pre-flattened prior to 
arranging the pores therein. The adhesion of solid con- 
stituents of the liquid for filtering can thus be limited to 
an absolute minimum, whereby not only can the filter be 
operated for long periods without interim cleaning but 

20 an ideal flow is moreover created along the filter surface 
from which clean permeate can be extracted with a rel- 
atively large flux. 

In order to enable interim removal from the filter 
layer of yeast cells nevertheless caught therein, a fur- 

25 ther embodiment of the device according to the inven- 
tion has the feature that the second part of the fiftration 
chamber has an inlet for supplying a clean liquid which 
may or may not be separated from the permeate dis- 
charge. For fully continuous operation this embodiment 

30 according to the invention preferably has the additional 
feature that said inlet is arranged separately of the per- 
meate discharge. Said inlet provides the option of per- 
forming a back-flush as described above. Although 
within the scope of the invention the permeate dis- 
ss charge in the second part of the filtration chamber can 
be used for a back-flush pulse, this preferred embodi- 
ment provides the option of performing a back-flush at 
any desired moment virtually without interruption of the 
filtration process. Permeate which has already been col- 

40 lected can be used for the back-flush, as well as another 
suitable clean, i.e. yeast-free, liquid such as for instance 
pure water or already recovered permeate. 

Especially favourable results are achieved in prac- 
tice with a particular embodiment of the device accord - 

45 ing to the invention with the feature that the filter layer 
comprises a silicon nitride layer in which the pores are 
arranged and which is located on a substrate of silicon 
in which openings are ananged locally from a side 
remote from the silicon nitride layer in order to reveal the 

so silicon nitride layer from this side. Not only are silicon 
and silicon nitride found to be particularly suitable for 
the filter in the device according to the invention in 
respect of filtration properties, but said materials also 
offer particular advantages from the viewpoint of chem- 

55 ical resistance and photolithographic processing. For an 
increased mechanical strength a further exceptional 
embodiment herein has the feature that the pores are 
arranged in the filter layer distributed over a number of 



3 



5 



EP0 879 635A1 



6 



separate segments, wherein adjacent segments are 
mutually separated by closed zones, and more particu- 
larly that the filter is arranged on a flat carrier with a 
thickness significantly greater than the thickness of the 
filter and that at least one opening is provided in the car- 
rier at the position of the filter in order to reveal an 
underside of the filter. 

For a sufficiently large capacity, particularly in 
large-scale industrial applications such as the prepara- 
tion of beer and wine, a particular embodiment of the 
device according to the invention has the feature that 
the device comprises a stack of a number of filters 
which are mutually separated by gaskets, that the filters 
are deployed pair-wise with their filter layers facing each 
other and that in the gaskets openings are provided as 
component of the feed and the discharge of the main 
flow of the liquid for filtering as well as of the discharge 
of the permeate. In this device an optionally large 
number of filtration chambers are mutually connected in 
parallel in exceptionally compact manner in the main 
flow of the liquid for filtering, wherein the filtration capac- 
ity increases proportionally. 

The invention will now be further elucidated with 
reference to an embodiment and a drawing. In the draw- 
ing: 

fig. 1 A-1 D show a cross-section of an embodiment 
of a filter for the device according to the 
invention in successive stages of manu- 
facture; 

fig. 2A-2C show top views of the filter of figure 1 
respectively an alternative embodiment 
thereof; 

fig. 3 shows in exploded view an embodiment 

of a device according to the invention 

intended for beer filtration; 
fig. 4 shows a longitudinal section of the 

device of figure 3 along the line X-X; and 
fig. 5 shows a longitudinal section of the 

device of figure 3 along the line Y-Y. 

The drawings are otherwise purely schematic and 
not drawn to scale. Some dimensions in particular are 
highly exaggerated for the sake of clarity. Correspond- 
ing parts are designated as far as possible in the figures 
with the same reference numeral. 

An embodiment of a microf ilter for use in the device 
according to the invention is shown in figures 1 A-1 D in 
successive stages of manufacture. In this case the 
starting point for manufacture, see figure 1 A. is a sub- 
strate 1 of silicon with a thickness of several hundred 
urn, in this case about 400 ^m, which is coated on both 
sides with a layer of silicon nitride 2,3 with a thickness of 
about 1 jim. The layers of silicon nitride 2,3 can be 
applied with an extremely high degree of flatness mak- 
ing use of existing deposition techniques such as CVD. 
The surface roughness of layer 2 which serves as start- 
ing point for the filter layer to be formed can thus be real- 



ized with an exceptionally slight surface roughness with 
height variations which can easily remain smaller than 
100 nm. This is found to be of particular advantage in 
the device according to the invention which is operated 

5 on the basis of cross-flow filtration. 

The whole is coated with a layer of photoresist lac- 
quer 4 which is exposed to light or other radiation of a 
suitable wavelength while being masked by a photo-lith- 
ographic mask. Exposure takes place in this case with 

w UV light. By subsequently washing the whole with a 
suitable developer, the thus exposed parts of photore- 
sist lacquer 4 are dissolved while the masked parts 
remain, which results in the structure shown in figure 
1B. 

15 The whole is then subjected to a suitable etching 
agent for silicon nitride, whereby at the position of the 
uncoated parts of silicon nitride layer 2 pores 7 are 
etched therein with a diameter of about 2 nm. On the 
underside of the substrate the silicon nitride layer 

20 arranged thereon is herein also etched integrally away 
over a large part of its surface. The structure of figure 
1 C is thus obtained. Finally, making use of silicon nitride 
layers 2,3 as etching mask the substrate 1 is etched 
away over its full thickness, mainly from the underside, 

25 in order to reveal the filter layer 2 meanwhile formed on 
its surface, see figure 1 D. 

The thus obtained structure is characterized by a 
large number of pores 7 of virtually identical dimension 
and design due to the great and ever-increasing preci- 

30 sion of existing lithographic processes. In the above 
described manner a filter can be produced with an 
extremely steep pore pitch distribution which is com- 
pletely reduced to nil within a distribution of less than a 
few percent. 

35 Figure 1D otherwise shows only a single island, 
although in reality a large number of such islands will be 
arranged in a silicon wafer, as shown in the top view of 
figure 2A. The unit shown there forms the filter which 
will be applied in the following example of a device 

40 according to the invention with which beers, wines and 
other fermentation products can be efficiently filtered 
with an extremely high flux and operating time for 
removal of yeast residues and other possible solid con- 
taminants. Figures 2B and 2C herein show two alterna- 

45 tive embodiments of the islands in the filter, wherein in 
the latter case the pores in the silicon layer are distrib- 
uted over a number of individual, in this case rectangu- 
lar, segments 81-84 which are mutually separated by 
closed zones 9 in silicon nitride layer 2. Such a subdivi- 

50 sion of islands 8 results in practice in an increased 
mechanical strength whereby a longer lifespan of the fil- 
ter is also guaranteed at higher liquid pressures. 

An embodiment of a device according to the inven- 
tion in which the above described filter is applied is 

55 shown in figure 3 in exploded view. The device com- 
prises in this case a stack of a number of filters for the 
purpose of increasing the filtering capacity and is 
intended for the filtration of lager beer or wine on large 
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scale. Filters 10 are herein glued or otherwise arranged 
on a carrier with a thickness of several centimetres for 
the purpose of increasing the mechanical stability, this 
being shown more clearly in the cross-sections of fig- 
ures 4 and 5. The carrier preferably has a thermal 5 
expansion coefficient which is practically equal to that of 
the applied filter, which in this example suggests a 
ceramic material. Stainless steel is however also a suit- 
able material from the viewpoint of manufacturing tech- 
nique, w 

The individual filters are mutually separated by liq- 
uid-tight gaskets to hermetically seal off from each other 
the impure liquid side and the permeate side of each fil- 
ter. Two types of gasket respectively designated 12 and 
1 3 are herein used in this example which differ in shape. 15 
Due to these gaskets a feed 21 and a discharge 22 of a 
main flow of the liquid for filtering are separated in liq- 
uid-tight manner from an outlet 23 for a permeate recov- 
ered from the main flow. Although in the device of this 
example there are only three stacked filters 10, the 20 
stack can be extended relatively without problem to a 
larger number in order to achieve a larger filter capacity 
in a nevertheless compact device. 

The stack of filters and gaskets lies clamped 
between two end pieces 14 on which connectors 25 
30,31,32 are provided for respectively the feed and dis- 
charge of the main flow for filtering and for the discharge 
of the permeate recovered therefrom. The end pieces 
are manufactured for instance from steel or perspex and 
comprise bores for receiving continuous bolts 15, see so 
figures 4 and 5, with which the whole is fixed. 

The connectors are shown schematically in figures 
4 and 5 and comprise universal fluid couplings of a suit- 
able dimension. In addition, a connector 34 is provided 
by means of which a so-called back-flush can be given 35 
during operation independently of the permeate outlet 
23,33 in order to wash clean an unexpectedly blocked 
filter 10 with recovered permeate or other clean liquid. 

The device comprises a number of filter chambers 
which lie parallel therein in the main flow of the liquid for <o 
filtering. The feed and discharge 21,22 of the main flow 
herein connect onto a first part 50 of the filter chambers 
which adjoins the filter layer 2 of the filters. On the side 
remote from filter layer 2 is situated a second part 52 of 
the filter chambers from which the recovered permeate 45 
is drained and from which a back-flush pulse can be 
guided through the filter via the inlet 24 provided for this 
purpose. In the present case the filters lie in pairs with 
their filter layers facing each other to thus integrate into 
each other adjacent parts of filter chambers. A height of so 
between 200 jim and 2000 in the first parts of the fil- 
ter chambers is found in practice to produce an ideal 
combination of a moderate pressure over a filter and not 
too great a pressure fall between the feed and dis- 
charge at a flow speed with an adequate cleaning action 55 
on the filter surface. In this case this represents the per- 
pendicular distance between the filter layers facing each 
other in pairs or, in the case of a final, odd filter, the per- 
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pendicular distance between its filter layer and the adja- 
cent end piece. 

Due to the use therein of photo-lithographically 
manufactured filters, also referred to as micro-screens, 
the device shown here is found to be capable of an 
extremely high filter flux of about 15000 litres per hour 
per square metre of filter surface at one bar of pressure 
difference over the filter. With the same filter surface 
more than 100 times more filtering capacity can hereby 
be achieved than in conventional filter beds on a basis 
of kieselguhr, whereby even in an industrial environ- 
ment it is possible to suffice with a relatively compact 
installation. The device according to the invention 
herein realizes a yeast cell reduction in lager beer from 
800,000 cells per litre in the unfiltered beer to no more 
than an average of about 5 ceils per litre of permeate. 

Although the invention has been further elucidated 
above with reference to only a single embodiment, it will 
be apparent that many further variations and embodi- 
ments are possible within the scope of the invention. 
Said materials and dimensions can thus be substituted 
by suitable alternative materials. In particular the dimen- 
sion of the pores in the filter can be further modified to 
specific fields of application. Thus, due to the great pre- 
cision with which the pores are formed and the 
extremely steep pore pitch distribution resulting there- 
from, the device according to the invention can also be 
employed as sterilization filter, wherein a pore diameter 
of a maximum of 0.5 urn, and in particular between 0.25 
^m and 0.5 urn, is used. In this case yeast cells and 
bacteria as well as other pathogens can be removed 
from a liquid in one step, so that a separate sterilization 
step is unnecessary. This is not only advantageous in 
the above described application in the field of preparing 
beers, wines and other drinks obtained by fermentation, 
but the invention also offers a field of application in the 
biochemical and pharmaceutical industry where medi- 
cines are for instance prepared by means of fermenta- 
tion. 

In addition, the filter according to the invention can 
also be manufactured otherwise than by means of expo- 
sure, development and etching of a pore pattern def ined 
therein using a mask. Use can thus be made of interfer- 
ence patterns instead of a mask in the exposure of a 
photoresist lacquer layer to define therein uftrafine 
pores with a diameter smaller than 0.5 urn while making 
use of a per se coarser lithography. The starting point 
may also be a completely different process wherein a 
galvanic mould is manufactured in photo-lithographic 
manner on which a metal layer provided with the 
desired pores is deposited by electro-deposition. What 
is important in the filter according to the invention is that 
the pores in the filter layer are formed therein in a 
defined and therefore controllable manner so that a high 
degree of uniformity is obtained with an associated 
extremely steep pore pitch distribution. 
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Claims 

1 . Device for filtering a fermented liquid comprising at 
least one filtration chamber with a feed and a dis- 
charge for a main flow of the liquid for filtering in a s 
first part of the chamber and with a discharge for a 
permeate recovered from the liquid in a second part 

of the chamber, wherein both said parts of the filtra- 
tion chamber are mutually separated by a filter, 
characterized in that the filter comprises a filter 10 
layer with pores of a precisely determined size 
which are formed making use of photolithographic 
techniques. 

2. Device as claimed in claim 1 , characterized in that is 
the pores in the filter layer are of at least practically 
equal size of a maximum of about 2 urn. 

3. Device as claimed in daim 2, characterized in that 
the pores in the filter layer have a size smaller than 20 
0.5 urn. in particular between 0.25 urn and 0.5 urn. 

4. Device as claimed in one or more of the foregoing 
claims, characterized in that the first part of the fil- 
tration chamber has a height directed transversely 25 
of the filter surface of between 200 >im and 2000 

5. Device as claimed in one or more of the foregoing 
claims, characterized in that the filter layer has a 30 
thickness which is smaller than the average pore 
diameter. 

6. Device as claimed in one or more of the foregoing 
claims, characterized in that the filter layer has at 35 
least on its side directed toward the first part of the 
chamber an at least practically flat surface with 
height variations smaller than about 100 nm. 

7. Device as claimed in one or more of the foregoing 40 
claims, characterized in that the second part of 

the filtration chamber has an inlet for supplying a 
clean liquid which may or may not be separated 
from the permeate discharge. 

45 

8. Device as claimed in claim 7, characterized in that 
said inlet is arranged separately of the permeate 
discharge. 

9. Device as claimed in one or more of the foregoing so 
claims, characterized in that the filter layer com- 
prises a silicon nitride layer in which the pores are 
arranged and which is located on a substrate of sil- 
icon in which openings are provided locally from a 
side remote from the silicon nitride layer in order to 55 
reveal the silicon nitride layer from this side. 

1 0. Device as claimed in claim 9, characterized In that 
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the pores in the silicon nitride layer have substan- 
tially the same diameter of a maximum of about 2 
urn, that the silicon nitride layer has a thickness 
which is at most equal to the pore diameter of the 
pores and that the substrate has a thickness in the 
order of several hundred micrometres. 

11. Device as claimed in one or more of the foregoing 
claims, characterized in that the pores are 
arranged in the filter layer distributed over a number 
of separate segments, wherein adjacent segments 
are mutually separated by closed zones. 

12. Device as claimed in claim 11, characterized In 
that the pores are divided into substantially rectan- 
gular segments which are mutually separated by 
dosed bands. 

13. Device as claimed in one or more of the claims 9- 
12, characterized in that the filter is arranged on a 
flat carrier with a thickness significantly greater than 
the thickness of the filter and that at least one open- 
ing is arranged in the carrier at the position of the fil- 
ter in order to reveal an underside of the filter. 

14. Device as claimed in one or more of the foregoing 
claims, characterized in that the device comprises 
a stack of a number of filters which are mutually 
separated by gaskets, that the filters are deployed 
pair-wise with their filter layers facing each other 
and that in the gaskets openings are provided as 
component of the feed and the discharge for the 
main flow of the liquid for filtering as well as of the 
discharge for the permeate. 

15. Device as claimed in claim 14, characterized in 
that the stack lies clamped between two end pieces 
on which connectors are provided for the feed and 
discharge of the main flow for filtering and for the 
discharge of recovered permeate. 
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